POLYMERIZATION OF ACETYLENE WITH NEW CATALYSTS, NEW DOPING AGENTS, MORPHOLOGY AND ELECTRICAL CONDUCTIVITY OF THE DOPED POLYACETYLENE F I L M S
F. ~c h u k ( l ) , M. ~l d i s s i ( l ) , J . C . Dubois ( 4 ) , L . G i r a l ( 2 ) , M. ~o l a n d (~) and J . ~ledz(l) 34060 MontpeZZier, France ( 1 ) Laboratoire de Chimie Macromo Ze'cuZaire ( 2 ) Unlike vinyl polymers, acetylenic polymers are characterized by their colour, semiconductivity, paramagnetism, and geometric isomerism. Ac'etylenic monomers, however, do not form high polymers by conventional radical, cationic, or anionic polymerization ( 1 ) . Only a few transition metal catalysts are known to polymerize acetylenes to give high polymers : for example. Ti(OCqH9)4-(C2H5)3A1 for acetylene (2) : le (111) acetylacetonate-3 (iso-C H ) A1 for alk;lcetylenes (3) , and WC16
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and MoCl for phenylacetylene aAdgogher substituted acetylenes (4, 5) . ow ever, 5it was reported recently that acetylene was polymerized in the :?resence of halides and oxohalides of molybdenum and tungsten (6, 7) . In the present work, we examined the polymerization of acetylene by WC16-Ph4Sn, MoC15-Ph4Sn (which are effective catalysts for the polymerization of phenylacetylene) and the tetrabenzyl derivative of titaniun (which is able to polymerize o( -01efins). The structure, morphology and electrical conductivity of the doped and non doped polyacetylene were also studied.
Materials ---------
Acetylene and toluene were purified as reported previously (9) WC16-MoC15 and tetraphenyltin (Ph4Sn) were commercially available (purity > 99 % ) and were used without further purification. Tetrabenzyltitanium was prepared by the usual method ( 8 ) .
The preparation of the catalyst solutions and polymerization were carried out under high vacuum. The catalyst solutions were prepared as follows. Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1983303 equimolar amounts of respectively WC16 and MoC15 and Ph4Sn in toluene, and these were also aged at 30°C for 15 min before use. These catalystg were all soluble. The polymerizations were performed as described previously (9).
The i.r. spectra of polymers were obtained using a spectrometer, Perkin-Elmer 577, Scanning electron microscopy was performed on a Jeol JSM 35.
The electron spin resonance spectra of polymers were observed as described in a previous paper.
Results and discussion
It is seen from the kinetic results that the reactivities lie in the following order : T i ( o n B~)~-A l E t~ > WC16-Ph4Sn > MoC15Ph4Sn > Ti(CH2-C6H5)4. However, during the course of the polymerization, we have observed the formation of uniform films of polyacetylene on the quiescent surface of concentrated solutions of the soluble catalysts except for MoCl -Ph4Sn for which we obtained a powder. On the basis of these results, Zurther investigation is necessary in order to establish a inechanism of polymerization.
Structure of pglyacety&lqs -------------
The values of elemental analysis for the polymer formed agreed well with the theoretical values (e.g. H/C = 1.00-1.09).
The polymers were examined by i.r. and e.s.r. The result are shown in table 1. Examination of the polyacetylene films and powder by electron microscopy showed that the morphology varies with the catalyst.
They indicate that any surface shows a characteristic fibrillar morphology. The width of the fibril ranges from 300 A for polymer prepered with MoC15-Ph4Sn to 2000 A with Ti(CH2-C6H5)4 and to 120000 A with WC16-Ph4Sn. means of gold paste and were connected to an apparatus for measuring their dc conductivity by the four-probe method. The films were then treated with the vapour of the dopant at room temperature in vacuo for 10 h. Final compositions of the doped (CH)x were determined either by the elemental analysis of a piece of reference film or by the increase in weight of the reference film during doping. The results are given in Table 2 . 
